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Abstract 
Bakery and intermediate moisture food products like breads, dried fruit, cereals, cookies and crackers can benefit 
from irradiation processing. However, irradiated lipid - rich products must be assayed carefully in terms of safety, 
nutrition and acceptability. In the integral biscuits, the ready-to-eat industrialized sunflower whole grain cookies, the 
sources of vitamin E are oils, seeds, nuts and cereal grains and also, the ready- to-eat sunflower whole grains. 
Vitamin E represents an essential component in human nutrition required for the preservation of lipids in stable form 
in biological systems and also in foods. The possibility of using gamma irradiation to improve the microbiological 
and fungal quality of different foods has been studied and is nowadays applied commercially. Usually, macro and 
micronutrients, essential amino acids, essential fatty acids, minerals, trace elements and most vitamins not suffer 
significant losses in irradiated food process. In this work, data about on the effects of ionizing radiation on the 
vitamin E content and nutritional analysis (carbohydrate, proteins, lipids, alimentary fiber, volatile substances and 
ashes) of sunflower whole grain cookies. These samples were treated with gamma irradiation and their changes 
evaluated in vitamin E content and physicochemical analysis. Irradiation was performed in a 60Co Gammacell 220 
source at doses of 3 kGy. For vitamin E (as V-tocopherol) determination a method based on colorimetric 
measurements was used. The physicochemical analysis were performed by standard methods. Irradiation at 3 kGy 
resulted in no changes in vitamin E content. Also, no significant difference was observed between the biscuits 
irradiated and non – irradiated for the physicochemical analysis. From the obtained results it is possible to conclude 
that there is a significant stability of the vitamin E content at assayed J-irradiation dose. And also there is no 
considerable difference for physicochemical properties contents of sunflower whole grain cookies. 
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1. Introduction 
Bakery and intermediate moisture food products like breads, dried fruit, cereals, cookies and crackers 
can benefit from irradiation processing. However, irradiated  lipid - rich products must be assayed 
carefully in terms of safety, nutrition and acceptability. Bread types enriched with combinations of whole 
oilseeds have been readily accepted by consumers [1], their importance is  related to their high content of 
polyunsatured fatty acids, vegetal protein, phosphorus, iron, magnesium, vitamin E, niacin, folate and 
phytoestrogens. 
The sources of vitamin E in the diet are oils (soybean, corn, linseed, cotton, rapeseed, palm, sesame, 
wheat-germ, peanut, sunflower, olive), margarines (corn, soybean, sunflower), seeds (sesame, sunflower), 
nuts (almonds pecan, peanuts, Brazil nuts) and cereal grains (corn, rice) and also,  the ready- to-eat 
industrialized sunflower whole  grains [2,3]. 
Vitamin E (a family of eight natural structurally related tocopherols and tocotrienols compounds 
expressed as D-tocopherol) represents an essential component in human nutrition required for the 
preservation of lipids in stable form in biological systems and also in foods. In commonly consumed 
foods vitamin E appears among the main antioxidants together with vitamins A and C and minerals like 
copper, zinc and selenium [4]. A diet rich in antioxidants has an important role in the prevention of 
diseases related to oxidative stress such as Alzheimer, cancer ,among others [5]. 
Food irradiation has been identified as a safe technology to reduce the risk of foodborne illness as part 
of high-quality food production, processing, handling and preparation.  Certainly, the most important 
benefit of gamma irradiation is improve the microbiological and fungal quality of different foods. 
Nowadays  is applied commercially in the USA and France among other countries. The need to eliminate 
bacterial pathogens from ready-to-eat food products must always be balanced with the maintenance of 
product quality [6-8]. 
Whole grain cereals are related to good health [9]. Sunflower seed oil ranks among the best vegetable 
oils, typically up to 90% of their fatty acids are unsaturated and more than 90% of their vitamin E family 
of compounds is D-tocopherol [10]. In this work data about on the effects of ionizing radiation on the 
vitamin E content and nutritional analysis (carbohydrate, proteins, lipids, alimentary fiber, volatile 
substances and ashes) of sunflower whole grain cookies commercially found at the Brazilian market are 
reported. 
2. Materials & Methods 
In the integral biscuits, the ready-to-eat industrialized sunflower whole grain ring cookies (200 g 
pouches) were employed. Three different lots of biscuits were used for vitamin E (as D-tocopherol) 
determination and one lot for physicochemical analysis of biscuits, kept at a refrigerator (4-7ºC) before 
and after irradiation.  
2.1. Irradiation 
Irradiation was performed in a 60Co Gammacell 220 (AECL) source, dose rate about 3.5 kGy/h at 
doses of 3 kGy, dose uniformity factor, 1.13. Dosimetric mappping was previously performed by Fricke 
dosimetry. 
2.2. Vitamin  E measurement 
For vitamin E (as D-tocopherol) determination a method based on colorimetric measurements [11] was 
chosen as recommended in the literature [12,13]. The method consists of a saponification step applied to 
2-g samples of biscuits with ethanolic hydroxide potassium in the presence of pyrogalic acid, followed by 
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a petroleum ether extraction. The extracts were thoroughly washed with water. Absorbance measurements 
were made at 520nm and a previously prepared calibration curve was used. 
2.3. The physicochemical  analyses  
The physicochemical sample analyses were carried out in conformity with the methodologies 
described in IAL (2005) [11], with the following determinations: volatile substances, ashes, lipids, 
proteins, total carbohydrates and total alimentary fiber.  The caloric value was calculated.  This value was 
obtained from Atwater conversion factors, with  calculation of the nutrients energy: g% lipids x 9 kcal; 
g% proteins x 4 kcal and g% carbohydrates x 4 kcal [14]. A non-parametric analysis of variance 
(ANOVA) was applied with mean comparisons By Dunnet test, at error of 5%. 
3. Results & Discussion 
Table 1 shows the results of vitamin E content determination in irradiated industrialized sunflower 
whole grain cookies for the 3 different lots of samples, non-irradiated and irradiated with 3 kGy. The total 
amount of tocopherol expressed as Į-tocopherol was found to be about 10 mg/100 g for all samples. As 
can be see there was no loss of vitamin E content as result of gamma irradiation at 3 kGy. 
 
Table 1. Effects of irradiation on the vitamin E content of sunflower whole grain cookies, Means (X) ± standard deviations (sd), and 
% of activity retention 
Sample  Vitamin E (mg/100g) 
1st lot  0 kGy 3 kGy % Retention 
1 11.62 11.15  
2 12.27 12.15  
3 11.77 11.35  
& 11.88 11.55 100.31 
V 0.34 0.53  
2st lot    
4 8.95 8.80  
5 9.92 8.78  
6 7.95 9.45  
& 8.94 9.01 102.53 
V 0.98 0.38  
3st lot    
7 8.32 8.27  
8 9.85 9.5  
9 9.95 11.1  
& 9.37 9.62 102.47 
V 0.91 1.41  
 
 
In Table 2 are displayed the results for the irradiated and non – irradiated cookies with the following 
determinations: volatile substances, ashes, lipids, proteins, total carbohydrates and total alimentary fiber 
and these values did not differ over 10% from the nutritional information values at the analyzed products 
labels, i.e., varying from 2% in relation to the caloric value to 9.3% for the food fiber. No significant 
difference was observed between the samples irradiated and non – irradiated 
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Table 2. The physicochemical analysis of sunflower whole grain cookies irradiated and non – irradiated 
Sunflower whole grain cookies Nutritional Compositional    
(g/100 g) 
0 kGy 3 kGy p 
Carbohydrates 55.6a (0.13) 56.00a (0.11) 0.071 
Proteins  10.96a (0.34) 11.15a (0.18) 0.597 
Lipids 19.19a (0.11) 19.19a (0.04) 0.891 
Alimentary Fiber 7.12a (0.07) 6.51a (0.13) 0.133 
Volatile substances at 105ºC 2.11a (0.01) 2.14a (0.00) 0.074 
Ashes 5.08a (0.08) 5.07a (0.00) 0.500 
Caloric value (kcal) 4.39a (2.12) 4.41a (0.00) 0.103 
n = duplicate 
a Medium values followed by  the same  letters, on the same  
line, do not  differ significantly from the control- sample at 
5% significance (error 5%), (Dunnett Test). 
(   ) standard deviations 
 
Some authors also reported  that no significant differences were observed in Į–tocopherol loss from 
the irradiation with different dose rates of pure sunflower oil,  total dose of 1 kGy [15]. Studies on the E 
vitamer content in foods emphasize the vast differences of bioactivities of individual E vitamers 
confirming the need for analyse of food consumed in specific studied populations [16]. Also, there are 
substantial differences in calculated /measured vitamin E content of foods, explained by intrinsic 
variability (breeding, season, country of origin, ripeness, freshness), and should be taken into account 
when interpreting data of dietary intervention studies [17].  
There is general agreement that the metabolizable energy of macronutrients (carbohydrates, lipids, 
proteins) is unaffected by radiation doses up to 10 kGy and even considerably beyond. Usually, macro 
and micronutrients, the essencial  aminoacids, essencial  fatty acids, minerals, trace elements  and most 
vitamins undergo suffer no significant losses in food irradiated under conditions  of actual or potential 
commercial application [18,19]. The findings of this study corroborate data from literature. 
When whole-grain cereals (wheat, rice and rye) were irradiated at 0.1 - 1 kGy, no losses of unsaturated 
fatty acids were observed. Only small losses were found even at the very high dose of 63 kGy [20].  
4. Conclusion 
Irradiation at 3 kGy resulted no changes in vitamin E content, measured as V-tocopherol equivalents 
by a colorimetric method. From the obtained results it is possible to conclude that there is a significant 
stability of the vitamin E content at assayed J-irradiation dose. And also there is no considerable 
difference for physicochemical properties contents in the Brazilian ready-to-eat sunflower whole grain 
cookies. 
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